Abstract The phylogeny of the Lecanora varia group is inferred from ITS sequences using Bayesian and ML phylogenetic analysis methods.
Introduction
Lecanora Ach. is a large, crustose lichen genus traditionally characterised by colourless, non-septate ascospores in eight-spored asci, green-algal photobionts and a lecanorine margin. Since the middle of the twentieth century, Lecanora has received considerable attention from systematists (e.g. Brodo 1984; Brodo et al. 1994; Dickhäuser et al. 1995; Eigler 1969; Eigler and Poelt 1965; Fröberg 1997; Grube et al. 2004; Guderley 1999; Laundon 2003a Laundon , 2003b Leuckert and Poelt 1989; Lumbsch 1994; Lumbsch and Elix 2004; Lumbsch et al. 1997; Miyawaki 1988; Motyka 1995 Motyka , 1996a Poelt 1952 Poelt , 1958 Poelt , 1966 Poelt et al. 1995; Printzen 2001; Ryan 1989a Ryan , b, 1998 Ryan and Nash 1997; Ryan et al. 2004; Śliwa and Wetmore 2000; Śliwa 2007;  van den Boom and Brand 2008) and is probably one of the best studied crustose lichen genera. Lecanora, in its traditional circumscription (Zahlbruckner 1926) , has been recognized to be an artificial assemblage of species, and several genera have been split off over the years (Choisy 1929 (Choisy , 1949 Hafellner and Türk 2001; Kalb 1991; Motyka 1995 Motyka , 1996a Poelt 1983) . Although the notion has prevailed that the remainder of Lecanora is still heterogeneous, few authors have attempted to split the rest of the genus into more natural units. Zahlbruckner (1926) distinguished several sections within Lecanora, and Poelt (1958) published an elaborate infrageneric classification of the lobate species. Eigler (1969) accepted deviating groups, such as Aspicilia A. Massal., Haematomma A. Massal., and Harpidium Körb., which had originally been described in the nineteenth century as separate genera, and split most of these, including Lecanora s.str. into "groups". The last comprehensive attempt at a subgeneric classification of Lecanora was published by Motyka (1995 Motyka ( , 1996a who split several new or resurrected genera from Lecanora and divided the remainder of the genus into 14 sections.
Thallus morphology and secondary metabolites have traditionally been the most important characters for the separation of groups within Lecanora. However, based on chemical data, Brodo and Elix (1993) argued against a formal taxonomic recognition of species groups within Lecanora. Although the phylogenetic relationships among species groups are still largely unresolved, recent molecular studies indeed largely confirmed the notion that some are heterogeneous. Arup and Grube (1998) found the lobate subgenus Placodium paraphyletic and intermingled with species of the L. varia (Hoffm.) Ach., L. dispersa (Pers.) Sommerf. and L. polytropa (Hoffm.) Rabenh. groups and the genus Arctopeltis Poelt. The same authors demonstrated that Rhizoplaca Zopf is not monophyletic (Arup and Grube 2000) and concluded that thallus morphology does not reflect the phylogenetic relationships within the genus.
One of the species groups that has been treated by several authors in recent years is the 'Lecanora varia group'. Choisy (1929) assigned L. varia to a new genus Straminella M. Choisy because of its yellow thallus colour (caused by usnic acid). Based mainly on pycnospore characters, Choisy (1949) assigned the members of the Lecanora saligna group to yet another new genus, Lecanoropsis, a name which was almost never subsequently used (except by, e.g., Weber and Wittmann 1992) . Eigler (1969) accepted Straminella and assigned a number of other species with usnic acid, such as L. conizaeoides Nyl. ex Crombie, L. expallens Ach., L. polytropa (Hoffm.) Rabenh., L. saligna (Schrad.) Zahlbr., L. subintricata (Nyl.) Th. Fr. and L. symmicta (Ach.) Ach., to the genus, while Motyka (1996a Motyka ( , 1996b distributed these species over several genera and sections. Recently, this "Lecanora varia group" has been studied by several authors. within Lecanora but their study focused on lobate species of Lecanora and did not include more species of the group. In this study, we present a phylogenetic analysis of an extended sample of taxa from the "L. varia group" based on ITS sequences. Our main objective was to see whether L. burgaziae I. Martínez & Aragón, L. densa, L. laxa and L. varia are closely related species and form a monophyletic group. For this purpose, we have extended the available sequence data for Lecanora species with a focus on usnic acid-containing species. In order not to bias our taxon sampling towards the well-sampled groups within Lecanora, we left out some of the species that were included in the analyses of Grube (1998, 2000) and Grube et al. (2004) . Our second intention was to see whether molecular data supported the species groups suggested by Printzen (2001) . This objective was, however, somewhat impeded because we were unable to obtain fresh material or readable sequences from many of the relevant species. In the course of our work, two more species of the group from western North America came to our attention. One of them, L. anopta, had not been reported from continental North America, and a second, L. schizochromatica, is here formally described as new to science. The phylogenetic positions of both taxa were also analysed.
Materials and methods

Morphology and anatomy
Characteristics of the apothecia and thallus were investigated by light microscopy on hand-cut sections mounted in water and 10% KOH, and stained with I Lugol (Merck 1.09261) or lactophenol cotton blue (LCB; Merck 1.13741). Photos were taken with a Zeiss Axioskop digital camera. Microscopic measurements were made at ×1,000 magnification in water and are given as (smallest single measurement)-smallest mean-largest mean-(largest single measurement). The small and large means are based on ≥10 measurements on individual specimens. Nomenclature of non-soluble pigments follows Meyer and Printzen (2000) . Thin layer chromatography was carried out according to Culberson (1972) and Culberson and Johnson (1982) , and high performance liquid chromatography according to Elix et al. (2003) .
Molecular analysis: DNA-isolation, PCR-amplification and sequencing
Specimens used for DNA extraction and sequencing are kept in FR (Herbarium Senckenbergianum), unless otherwise noted. DNA extraction was extracted from 1 or 2 apothecia per specimen. Apothecia were cut from the thallus with the help of a razor blade, moistened in a sterile water drop on a microscope slide and examined under the dissecting microscope in order to remove all possible contaminations such as detritus or epiphytic fungal hyphae. Samples were placed in 1.5-ml microcentrifuge tubes and DNA was extracted using either DNEasy Plant Mini Kit® (Qiagen) or NucleoSpin® Plant II (Macherey-Nagel) following the manufacturer's protocols with minor modifications. Sequences of the nuclear ribosomal ITS region were obtained using the primers ITS1F (Gardes and Bruns 1993) and ITS4 (White et al. 1990 ). PCR reactions were prepared for a final volume of 25 μl, containing 2 μl of each primer, 2 μl of dNTPs (10 μM), 2.5 μl of Herculase® reaction buffer, 1.25 U of Herculase® enhanced polymerase (Stratagene), and 14.25 μl of distilled water. PCR amplifications were set up under the following conditions: one initial denaturing step at 94°C for 4 min followed by 6 touchdown cycles of 1 min at 94°C, 1 min at 62°C and 1 min 45 s at 72°C, decreasing the annealing temperature 1°C each cycle; 34 cycles of 30 s at 94°C, 30 s at 56°C and 1 min 45 s at 72°C; ending with an extension step of 10 min at 72°C, after which the samples were kept at 4°C. PCR products were extracted from the agarose gel and purified using either peqGOLD MicroSpin Gel Extraction Kit (Peqlab, Biotechnologie) or QIAquick® PCR purification Kit (QIAGEN 28106) following the manufacturer's instructions. PCR products were labelled using the Quick Start Kit (Beckman Coulter) and run on a CEQ™ 8800 Genetic Analysis System (Beckman Coulter).
Sequence alignment and phylogenetic analysis Sequence fragments obtained were checked, assembled and manually adjusted in SeqManII v.5.07 © (DNASTAR). A total of 29 newly obtained sequences were aligned together with 24 sequences retrieved from GenBank (Table 1) . Sequence alignment was performed with Muscle v3.6 (Edgar 2004) . Ambiguously aligned regions were removed from the alignment using Gblocks 0.91b (Castresana 2000) , in which all parameters were set to fit minimal restrictions, yielding a final alignment of 441 bp. The species of the L. subfusca group were chosen as outgroup based on previous phylogenetic studies ( Grube 1998, 2000) . Phylogenetic analyses were carried out using Metropolis coupled Bayesian Markov Chain Monte Carlo (MC) 3 and Maximum Likelihood approaches, implemented in the software MrBayes v.3.1.2 (Huelsenbeck and Ronquist 2003) and PHYML v 2.4.4 (Guindon and Gascuel 2003) , respectively. Separate nucleotide substitution models for each part of the nrITS region (ITS1, 5.8S, ITS2) were selected with the help of MrModelTest v2 (Nylander 2004) using the AIC as optimality criterion. The following substitution models were selected: GTR+Γ for ITS1 and ITS2 and K80 for 5.8S.
For the (MC) 3 analysis, the following settings were used. Substitution model parameters were unlinked across data partitions. Five parallel runs were started beginning with a random tree. Each run consisted of 6 incrementally heated chains using the default settings of MrBayes. Run length was preset to 6M generations sampling every 30th tree. To ensure that runs had converged, the average standard deviation of split frequencies for the five parallel runs was calculated every 100K generations discarding the first 25% of the tree sample as burn-in. Runs were stopped after 2M generations, when the standard deviation had dropped below the threshold of 0.01. A 50% majority-rule consensus tree with branch lengths, including all compatible groups with PP<0.5 was obtained from the 50K post-burn-in trees. The ML analysis was run with 1,000 bootstrap resamples using the GTRþΓ þI substitution model (the closest approximation to the three models inferred for the three partitions of the ITS). The likelihood parameter scores were obtained in TRACER v1.4 (Rambaut and Drummond 2007) . Phylogenetic trees were drawn with the program TreeView (Page 1996) .
Results and discussion
We produced 29 new ITS sequences. The final alignment contained 53 sequences, with a total of 441 unambiguously aligned characters. The likelihood parameters of the Bayesian analysis are available upon request. The majority-rule consensus tree based on 50,000 trees from the (MC) 3 sample is shown in Fig. 1 . The ML analysis yielded a similar topology; branch support values for the (MC) 3 (PP≥0.95) and the ML bootstrap analysis (BP≥70) are indicated above the branches. Bold branches have both Lecanora burgaziae 2 Spain, Toledo PP and BP values above these thresholds and are considered to be well supported. Three species of the L. subfusca group were chosen as outgroup based on previous phylogenetic analyses ( Grube 1998, 2000) . These species (L. epibryon, L. allophana and L. campestris) form a monophyletic group (PP=1, BP=100). The rest of the species are distributed over three well supported clades but the relationships among these clades are unresolved (Fig. 1) . The new species L. schizochromatica belongs to clade 1 (PP=1, BP=100), which also comprises L. filamentosa and L. expallens. The relationship between clade 1 and the L. symmicta group (clade 2) has no support.
Clade 2 (PP=1, BP=100) consists of the saxicolous species L. orosthea and L. sulphurea, as well as the epiphytic L. aitema, L. confusa, L. flavoleprosa, L. symmicta and a sister clade made up of the two epiphytic species L. cf. fulvastra collected in western Cuba and characterised by the presence of calycin, and L. austrocalifornica Lendemer & K. Knudsen. The third highly supported clade (PP=1, BP=94) combines the rest of the species, and falls into Protoparmeliopsis s. lat. and the L. varia, L. dispersa, L. saligna, Placodium, and L. varia groups.
Species belonging to the dispersa group (L. semipallida, L. perpruinosa and L. pruinosa) form a strongly supported clade (PP=1, BP=99) sister to Protoparmeliopsis (PP=1; BP=88), agreeing with results in Grube et al. (2004) . Protoparmeliopsis is also well supported (PP=1; BP=96) and includes the lobate species P. muralis, P. achariana and L. garovaglii. The 'L. varia clade' is also well supported (PP=1; BP=89), but the relationships of this group within clade 3 lacked statistical support. Previous studies Grube 1998, 2000) also failed in assessing the natural relationship of this group to others within Lecanora.
None of the other groups receives statistical support, indicating that more genetic loci and perhaps a more comprehensive taxon sampling are necessary to resolve their relationships. Nevertheless, there is independent morphological evidence to support some of the groups. For example, the two lobate species, L. novomexicana and L. opiniconensis included in the subgenus Placodium, group together, as do two species of L. saligna, L. anopta and L. saligna, both with isousnic acid. Lecanora subintricata also produces isousnic acid but it is unclear whether it belongs in the same group. In a preliminary analysis based on a slightly different taxon sample, it grouped with L. anopta, although also with low support.
Finally, two different clades can be distinguished in the 'L. varia group'. The first of them (PP=1, BP=0.98) comprises four taxa closely related to L. varia. Lecanora conizaeoides, a species that is morphologically very similar to L varia but distinguished among other things by containing fumarprotocetraric acid, is basal to the rest of the species within the clade. GenBank sequences of Lecanora varia appear paraphyletic with L. densa and two specimens of L. burgaziae, a recently described species from the Iberian Peninsula, intermixed. The second clade combines five collections of the epiphytic L. laxa.
Our results illustrate that the taxonomy and systematics of the Lecanora varia group are still in need of revision. This involves species delimitation as well as the distinction of phylogenetic groups. A number of recently described species (e.g. L. burgaziae) are probably synonymous with known species. The nomenclatural implications arising from our analysis will be treated in a separate contribution. However, there are not only new synonymies but also new species to science that have come to light recently, including Lecanora schizochromatica, described below, and L. austrocalifornica (Lendemer and Knudsen 2009) .
The distinction of species groups within the large genus Lecanora is a long-standing problem, as the previous attempts by Eigler (1969) and Motyka (1995 Motyka ( , 1996a illustrate, and seems at least partly due to highly homoplasious morphological characters. Clades one and two of our analyses separate L. symmicta from the morphologically very similar L. schizochromatica and L. filamentosa. Because of their similar apothecial anatomy, L. filamentosa (as L. ramulicola) was regarded as a member of the L. symmicta group by Printzen and May (2002) . However, it was noted that this species produced atranorin as major secondary compound and usnic acid only in trace amounts. Atranorin is also produced in L. schizochromatica, which indicates that secondary chemistry could be a good character to separate phylogenetically related groups within Lecanora. However, L. expallens which is sister to L. filamentosa Printzen (2001) . Unfortunately, L. coniferarum is lacking from our dataset. To conclude, the species groups distinguished recently within the Lecanora varia group (Śliwa and Wetmore 2000, Printzen 2001 ) are in need of revision. As the backbone of clade three is still poorly supported, more gene loci should be included in future studies. Finally, taxon sampling may have to be improved to come to a stable systematic solution for the Lecanora varia group, as has been demonstrated in other taxonomic groups (Lumbsch et al. 2007 ). In order to achieve this, intense field work, even in the comparatively well-explored regions of Europe and western North America, will be necessary.
Taxonomy
Lecanora anopta Nyl., Flora 56: 292 (1873) (Fig. 2 Description Thallus immersed, rarely superficial in small patches, then thin and creamish white, soredia and isidia absent; photobiont trebouxioid, (8.0-)10.7-12.5(-17.0) µm diam.; apothecia rounded, mostly single or in groups of 2-3, to 68-184 per cm 2 , broadly adnate, (0.38-)0.45-0.53 (-0.64) mm diam.; disc matt, epruinose to strongly pruinose, flat to strongly convex, pale to dark reddish brown (Fig. 2a) to greyish/greenish black; thalline margin distinctly present only on young apothecia, in mature apothecia usually poorly developed, quickly receding but rarely preserved until maturity; proper margin inconspicuous when viewed from above, matt, creamish, receding in older apothecia; proper exciple in section (40-)45.5-59(-75) µm wide laterally, (27-)34-68 (-190 ) µm measured at thickest point at base, strongly gelatinised, with POL+ interhyphal crystals that vary in quantity, sometimes only found at base of stipe (Fig. 2e) , these dissolving in K; algae occasionally present in same area; exciple of thick-walled, branched, radiating hyphae with lumina 1.5-2.0 µm, terminal cell with lumen occasionally up to 5.0 µm, unpigmented or pale brownish to rarely dark greenish (HNO 3 + reddish cinereorufagreen pigment occasionally present), IKI-; hypothecium 50-130 µm tall, colourless; subhymenium consisting of thickened ascogenous hyphae, well differentiated, 20-37 µm tall, colourless; hymenium (40-)44-51(-55) µm tall, strongly inspersed with yellowish brown grana (guttulae sensu Hedlund 1892) apparently derived from lumina of old ascospores or ascogenous hyphae (Fig. 2c) , sclerotised parts dissolving in K; hymenium also with brown to green-black pigment streaks in upper 1/3-1/5 and 5-12 µm of K+olivaceous, greyisholivaceous pigments; granular epihymenium±present; paraphyses commonly branched, sometimes anastomosed, colourless or with faint brown to blue-green pigment in outer gel sheath at tips, to 2 µm, lumina ca. 0.5-1.5 µm wide, apically to 2.0 µm wide, lumina to 1.3-2.0 µm; asci similar to Micarea-type, 30-41×10.0-12.2 µm (Fig. 2d) ; ascospores 8 per ascus, colourless, simple, ellipsoid, (7.0-)8.5-10.0(-12.0) × (3.0-)4.2-5.4 (-6.0) µm. Pycnidia infrequent, black, half immersed, globose to pyriform, 60-90 µm in diam., walls brown to dark greenish, HNO 3 + reddish/purplish (due to the presence of cinereorufa green pigment), more intensively coloured apically to almost colourless basally, paraplectenchymatous; conidia bacilliform, gently curved, 7-9 ×1 µm (Fig. 2F) .
Chemistry Isousnic acid (major). Lecanora anopta was recently reported from Greenland (Hansen 2004) , and is here reported as new to continental North America. It is a locally common species found on conifer wood in sub-continental forests of the Rocky Mountain Trench and the southern Yukon south to Washington (where it appears to be rare) and northwestern Montana. Lecanora anopta could easily be confused with a species of Lecidea s. lat., because it often lacks the thalline margin normally associated with Lecanora species. It is similar to Lecanora saligna but likewise differs in the evanescent thalline margin. The ascus is also somewhat atypical of Lecanora (Fig. 2D) . The species can be recognized most readily by the diagnostic presence of sclerotised grains (old spores) in the hymenium (only rarely absent) and the presence of isousnic acid. In habit it somewhat resembles Lecanora cadubriae, but that species can readily be distinguished by the presence of norstictic acid (K+ orange to red on the thallus, K+ red needles in section). Specimens with pruinose apothecia may be reminiscent of Lecanora sarcopidoides (A. Massal.) A.L. Sm., a species thus far known only from Europe which, however, has narrower ascospores and contains pseudoplacodiolic acid as the major constituent (van den Boom and Brand 2008). Small specimens with reddish apothecia can resemble Lecidea rubrocastanea (Spribille and Printzen 2007) , but differ in the longer, narrowly ellipsoid ascospores (8.5-10 µm vs 6-8 µm in L. rubrocastanea), the nearly Micarea-like as opposed to Lecidella-type ascus, and the presence of isousnic acid.
Notes The description given above refers to examined North American material. In Fennoscandia and the Alps, L. anopta has been found to be a very variable species in terms of thallus development, pigmentation, and size of apothecia/ascospores as well as apothecial anatomy (both lecanorine and lecideine may occur) (Hedlund 1892). Welldeveloped European specimens issued in various exsiccata often contain cinereorufa-green pigment in apothecia and pycnidia. Large dark pycnidia are often present and contain characteristic shorter and slightly curved pycnospores (?mesoconidia), which have so far not been detected in material from North America. Also, the ascospores of European specimens may be slightly larger (see Hedlund 1892, but see also description of Lecanora anopta by Nylander 1873). Hedlund (1892) described several morphotypes, but North American specimens collected to date seem to display only part of the known variability of the species and might be referrable to f. 1 sensu Hedlund (1892). However, our ITS sequence data indicate that samples from the two continents differ in only a few nucleotides. The nomenclatural status of Lecanora anopta is not yet resolved. Several names are applicable. L. anopta is the same as the species mentioned as 'Lecanora cadubrioides ined.' by Spribille et al. (2008, in Lecidea filamentosa Stirt. appears to be the oldest valid name for Lecanora ramulicola (H. Magn.) Printzen & P.F. May (Printzen and May 2002) , hence a new combination is introduced here.
Lecanora schizochromatica Pérez-Ortega, T.Sprib. & Printzen, sp. nov. (Fig. 3) 
Mycobank accession number MB 513164
Diagnosis Species Lecanorae filamentosae similis sed ascosporis minoribus (9.7-11.1 × 3.5-4.1 µm). Margo apotheciorum saepe nigrescens. A L. symmicta differt substantia major atranorinum continens. Description Thallus crustose, rimose to cracked-rimose or verrucose areolate, rarely immersed (on wood), soredia and isidia absent; areoles roundish, 0.14-0.2 mm diam., weakly to strongly convex, surface white or whitish grey or greenish white, roughened; hypothallus rarely present, if present then black; photobiont trebouxioid, (6.0−)10.1-14.0 (−17.0) µm diam.; apothecia rounded except when grouped, single or paired, less frequently aggregated in groups of 3-12, sessile with constricted base, (0.3−)0.5-0.9(−1.4) mm; disc matt, epruinose to finely pruinose, colour variable, from 'usnic yellow' to slate grey to bluish grey to greenish black to jet black or reddish brown ( Fig. 3a-d ), flat to concave in young apothecia, weakly to strongly convex in mature apothecia; proper margin prominent when young, translucent grey to jet black, shiny, receding when older or retained as a thin black line; proper exciple in section (40−) 49-69(−90) µm wide laterally, (60−)68-119(−150) µm measured at thickest point at base, strongly gelatinised, of thick-walled, dichotomously branched and anastomosing hyphae with narrow, linear lumina ca. 1 µm wide, exciple filled with fine, less than 0.5 µm in diam, colourless, POL+ granular crystals (Fig. 3e) , usually hazy brown within, with or without blue-green, HNO 3 + reddish pigment in outer parts, IKI-; algae present or absent around base of inner exciple; exciple externally sometimes with colourless, cutical-like coating to 25 µm thick; hypothecium 50-150 µm tall, colourless; subhymenium consisting of thickened ascogenous hyphae, well differentiated, (10-)30-80 µm tall, colourless, sometimes with small oily droplets; hymenium (37-)40-58 µm tall, colourless or with pale bluish-green, K+ greenish, HNO 3 + reddish mauve pigmentation in upper 1/4 or 1/5, occasionally hazy brownish; epihymenium 3-5(-7) µm thick, granular, POL+, rarely streaking into hymenium; paraphyses simple or weakly branched, colourless or with faint brown pigment in outer gel sheath at tips, lumina 0.8-1.0 µm wide, apically often unthickened or 2-3 µm wide, lumina to 1.5-2.0 µm wide; asci Lecanora-type, 32-41× 9.3-12.0 µm (Fig. 3f) ; ascospores 8 per ascus, colourless, simple, narrowly ellipsoid, (8.0-)9.7-11.1(-12.0) × (3.0-) 3.5-4.1(-5.0) µm. Pycnidia infrequent, black, immersed in part, pyriform, to 220 µm diam., walls brown, paraplectenchymatous; conidia filiform, straight or slightly curved, 10-16×ca. 0.7 µm.
Chemistry Atranorin (major), usnic acid (major) and paraensic acids C and D (minor) (HPLC). (The last two substances of aliphatic character seem to be confined to apothecia and apparently form tiny droplets in exciple.)
Etymology The name makes a reference to the highly variable colour of the apothecial disc and proper exciple ( Fig. 3a-d (Spribille, unpublished) . More recently, L. schizochromatica has also been reported under the names Lecanora spec. A (Hauck and Spribille 2005) , Lecanora 'meliocarpella' nom. nud. (Spribille 2006) , Lecanora sp. 1 (Houde et al. 2007 ) and Lecanora ramulicola s. lat. . Amazingly, L. schizochromatica does not appear to have been assigned a name in the early days of Pacific Northwest lichen taxonomy. All the species described by Tuckerman (1888, i.a.) based on material collected by Wilhelm Suksdorf in the then Washington Territory have turned out to refer to other species of lecideoid lichens, including Biatora pullula, which is a later synonym of Lecanora anopta (see that species). Lecidea carnulenta, described from New Hampshire (type: FH!) and widely applied based on its inclusion in the keys of Fink (1935) , is possibly related to L. symmictella and is distinguished from L. schizochromatica amongst other things by its Porpidiatype ascus s.lat. Young apothecia of L. schizochromatica can also be confused with those of Cliostomum griffithii, which likewise have a greyish exciple and beige disc, but that species can be easily distinguished by its 1-septate ascospores and Bacidia-type asci, and it frequently possesses large pycnidia with a K+ purple pigment. The most likely species to be confused with L. schizochromatica is L. filamentosa. This species differs in having larger ascospores averaging 10-16×3.5-5.5 μm. Young apothecia of both species are usually pale beige to ochre and darken with age until they may eventually become completely black. In L. schizochromatica, the margin is usually darker than the disc and the first part to become black (Fig. 1 a, c, d ), whereas margin and disc in L. filamentosa usually do not differ markedly or the margin is paler. Young apothecia of L. filamentosa usually have a lecanorine amphithecium that is lacking in L. schizochromatica. Specimens of L. schizochromatica with black apothecia contain higher concentrations of the pigment cinereorufa green (K+ greenish, HNO 3 + reddish in section) and are usually found in highly exposed sites. Cinereorufa green is also present in shade specimens but is then often confined to the margins.
Several specimens of L. schizochromatica exposed to sunlight, particularly on exposed wood at high elevations, are aberrant in either lacking fine crystals in the excipulum (McCune 12721, hb. McCune) or in having slightly larger ascospores 11-14×3.5-5.0 µm and a thicker lateral exciple, 90-170 µm wide (Spribille 20071, CANL) . Some specimens from southern areas are also aberrant, as with two specimens from California that can only tentatively be assigned here on account of the presence of fine crystals in the hymenium (Trinity Co., Spribille 18405, GZU) or strongly swollen paraphyses (Del Norte Co., Muggia s.n., TSB-38880). More specimens and study is required to assess variability at the geographical and ecological fringes of this species group.
Distribution and ecology Lecanora schizochromatica occurs in open, well-ventilated habitats on bark and wood of conifers from sea level (in Alaska) to the timberline (to 2,400 m asl). It is a reliable member of a well characterized and colourful species assemblage comprised to a large degree of species endemic to western North America or with their main global distribution there, including Bryoria fremontii 
